Tree planting is a powerful ecological restoration method that is frequently
cological restoration is the process by which humans assist the recovery of a degraded ecosystem, with the goal of restoring it to its original condition or to a new state from which it may be able to naturally recover to something that resembles its original condition (SER 2004) . Ecological restoration has become particularly important in China because of the large areas of degraded land that have resulted from the combination of climate change and unsustainable human uses of the land (He 2004) . Artificial restoration emphasizes an active human role in recovery but must account for natural processes such as succession that will affect restoration success over time. Restoration can also be primarily natural: If an ecosystem is protected from further degradation, natural processes may be sufficient to restore the ecosystem to its original state (Gao et al. 2011 ). However, this will only occur if sufficient seedlings remain, if old stumps can resprout, if sufficient seeds are still stored in the soil seedbank, or if species remaining in nearby patches of natural vegetation can recolonize the site after the distribution of their propagules by wind, animals, or other means. Otherwise, natural restoration is unlikely, and revegetation may simply take the form of a small number of mostly pioneer species, some of which will be exotics.
Afforestation (the establishment of forest cover at sites that have been deforested for many years) is one of the most common methods used around the world during ecological restoration when ecosystem degradation has been caused by unsustainable agriculture, industrial expansion, and other human activities (Wang et al. 2008 , Veldman et al. 2015a ). In the context of climate change, afforestation also represents an effective way to sequester carbon and mitigate the problem of global warming (Jackson et al. 2005 , Gao et al. 2016 . Since 1952, China has chosen afforestation as its preferred method for ecological restoration. China now leads the world in afforestation, with one-third of the world's area of planted forests, which now cover 3.3 × 10 6 square kilometers, equivalent to 34.4% of the country's land area (State Forestry Administration 1960 . China's afforestation programs are believed to provide both ecological and economic benefits, including the prevention of soil erosion, the improvement of soil fertility, increasing crop production, and the provision of fruits, livestock fodder, fuelwood, and building materials (Anderson 1987) . However, the planted forests have also been found to alter nutrient cycles dramatically (Berthrong et al. 2009 ) and to reduce soil carbon storage (Berthrong et al. 2012) . Unfortunately, most afforestation Advance Access publication 13 January 2017 research has focused on its short-term positive and negative effects (typically 3 to 5 years), including its ecological and economic effects (Jiang et al. 2003) . The results of such research may therefore be misleading, because forests can take decades to mature and reach equilibrium with their environment. The success of afforestation is likely to depend on the degree of coverage of the site by trees, because greater coverage leads to greater withdrawals of water from the soil and greater shading of understory vegetation. Mo and colleagues (2015) applied Eagleson's (2005) optimal vegetation cover theory in a semiarid basin in the Horqin Sandy Land of Inner Mongolia and found that the vegetation cover would decrease by 17% with a 10% precipitation decrease (Newman et al. 2006 , Zalewski 2014 . For sites where it would be inappropriate to establish dense forest, it's possible that there may be an optimal level of tree canopy cover that will increase the likelihood of quickly developing a stable forest ecosystem or of preventing subsequent site degradation caused by the trees. Although some research has been conducted to identify the optimal tree canopy cover, this research has not been conducted for long enough to detect the long-term consequences (Benayas et al. 2009 ). In many parts of China, inappropriate species selection has led to the "little old tree" phenomenon, in which growth is stunted because there is inadequate water to support normal growth of the species, and survival may be as low as 10% (McVicar et al. 2007 ). This evidence suggests that continuing to practice widespread afforestation without tailoring the species choice to the local precipitation conditions and other ecological constraints will not be sustainable and may instead damage the ecological environment, as well as having important socioeconomic consequences. However, even when a given tree species is a potentially suitable choice for ecological restoration, the optimal tree canopy cover for that species (i.e., the ecological threshold) is unknown (Xu et al. 2015) . Here, we define the "optimal" canopy cover as the level at which ecosystem properties stabilize or potentially begin to decline. Because of the magnitude of China's afforestation efforts, it's crucially important to determine a suitable level of tree canopy that will sustain tree growth in the long term while ensuring that the overall effects on the ecosystem are beneficial. If such an optimal level can be identified, it may be possible to manage restored sites (e.g., it might be done by carefully managed selective harvesting or thinning) to maintain that level of canopy cover.
Because different sites will have different environmental constraints, they will therefore have different optimal levels of tree canopy cover, and these levels must be identified for each afforestation species and site through site-specific research. In addition, the research must be conducted for sufficiently long that researchers can be confident that the results are meaningful (i.e., that they have had a chance to detect any adverse consequences that may take more than 5 years to develop). To provide information on optimal tree canopy cover, we chose southern China's Changting County, in Fujian Province, as a case study, because a sufficient amount of long-term monitoring data was available for afforestation and natural restoration sites in the same area. Our goal was to provide guidance for regional managers by determining whether there may be an optimal tree canopy cover that will provide long-term stability of the restored ecosystem. The results will provide guidance for afforestation managers and policy development while also providing new insights into the time requirements for studies of ecological restoration. Our results suggest that by limiting the canopy cover of the mature artificial forest at an optimal level, afforestation managers can maintain ecosystem stability and prevent potential adverse consequences (e.g., disappearance of understory vegetation) that may arise when canopy cover is too high. If a clear threshold canopy cover that predicts a decline in some key ecosystem properties can be detected, this may indicate that trees are an unsuitable choice for restoration of the site-thereby avoiding the unthinking choice of afforestation for every site.
Methods
Our study site (figure 1) is located in Changting County, in southern China (25°18´40˝ north [N] to 26°02´05˝ N, 116°00´45˝ ease [E] to 116°39´20˝ E). The climate is moist and warm, with an average annual precipitation of 1721 millimeters (mm) and mean monthly temperatures ranging between 16.0 and 19.5 degrees Celsius (°C). The county has experienced significant soil erosion and ecological degradation for many years, mainly because of unsustainable human activities. These include China's "Grain First" strategy in the 1950s, in which the goal was to increase crop yield at any cost to improve China's food security. Unfortunately, the region's loose red soil (which accounts for about 80% of the county's area) is highly vulnerable to erosion when the vegetation cover is damaged, as is the case in farmland during the fallow season between crops (when the soil is left uncovered), and the high precipitation provided by the subtropical monsoon climate exacerbates the problem (Cao et al. 2009 ).
The natural vegetation type in this county is subtropical evergreen forest. Before ecological restoration (to reduce soil erosion caused by runoff) began, the degraded natural forest was dominated by a coniferous tree layer mainly composed of Pinus massoniana, and the understory vegetation was mainly composed of a tropical fern (Dicranopteris pedata), grasses (Arundinella setosa, Eriachne pallescens), and a few drought-tolerant shrubs such as Syzygium buxifolium and Rhaphiolepis indica; the drought tolerance of this vegetation is important, because it is difficult for shrubs to survive below the pine canopy because of competition for water. The original forest was severely degraded by the time restoration efforts began as a result of wood harvesting. However, the land was not cultivated because there was sufficient flat land to meet farmer needs. In the remaining woodland with good growing conditions (these trees were sparse and short), the natural vegetation regrowth was coniferous and broadleaved mixed forest. The broadleaved forest was In an effort to reverse the damage that has been done to such land, China's national government established soiland water-conservation monitoring stations, and when these stations revealed serious ecological problems, local governments undertook large-scale restoration programs. In Changting County, 92 × 10 3 hectares (ha) of forest have been planted since 1984, and 140 × 10 3 ha of forest have been protected from exploitation (e.g., wood harvesting and livestock grazing) to allow natural recovery (Zhong et al. 2013 ). We obtained monitoring data from 24 artificial restoration plots that were established in 1999 and 30 natural restoration plots that were established in 1984. The plots were established in four towns in Changting County: Cewu, Hetian, Sanzhou, and Zhuotian. The plots were chosen to avoid forest edges, river or road crossings, and ridges and were located so as to reduce human impacts as much as possible. Before 1984, when the plots were established, the tree layer was mainly composed of P. massoniana, which formed the tree canopy, but the growth of the pines was extremely slow, and the understory vegetation was mainly composed of sparse shrubs and herbaceous vegetation. The dominant herbaceous vegetation comprised the pioneer grass E. pallescens and the fern D. pedata. In each plot, we obtained data on the soil and vegetation, with measurements taken annually in the afforestation plots and at 5-year intervals in the natural restoration plots. We chose different time periods both because natural restoration is slower and because of data availability.
The 30 natural restoration plots and 24 afforestation plots were each 400 square meters (20 meters × 20 meters) in size and occupied similar topographic positions, on slopes ranging from 20% to 30%. At the time the plots were established, vegetation cover in the 24 afforestation plots in 1999 ranged from 12.9% to 35.9% and averaged 23.7%. The afforestation was performed by planting 600 trees per hectare (a mixture of S. superba, Morella rubra, L. formosana, and Castanopsis fissa) and 2400 shrubs per ha (Lespedeza davidii). The tree seedlings ranged in height from 50 to 100 centimeters (cm), large enough to avoid severe competition from the grasses. In addition, P. wettsteinii was seeded at a rate of 105 kilograms (kg) per ha or Paspalum notatum was seeded at a rate of 45 kg per ha in open areas and not immediately around the tree seedlings (to reduce competition with the trees), with 900 kg per ha of oil cake (the organic matter that remains after extraction of the edible oils from rapeseed) added to the soil as top-dressed fertilizer to improve the soil's organic matter content (Gao et al. 2011 ). However, the original vegetation was protected during these operations (i.e., it was not removed to prevent competition with the trees).
Because of the climate and vegetation conditions in our study area, the key problems that have resulted from the mismanagement of the ecosystems before restoration began relate to a severe loss of vegetation cover, leading to high rates of soil erosion and to the impoverishment of the surface soils, thereby making it more difficult for vegetation to recover or even to survive. As a result, our analysis of the responses to afforestation and natural recovery focused on measuring parameters related to the recovery of the vegetation cover, the reduction of soil erosion, and improvements of soil health (i.e., fertility and the growth of microbial populations essential to soil health).
At the time the 30 natural restoration plots were established in 1984, vegetation cover ranged between 17.8% and 44.8% and averaged 30.7%. The methods of ecological restoration included prohibiting the harvesting of trees and grazing by domestic livestock, accompanied by the implementation of a practical system for enforcing these prohibitions and efforts to educate the local residents about the purpose of the restoration plots to encourage their acceptance of the program.
To assess the vegetation cover at the study sites, we measured both the crown area of the trees and the coverage of the ground by understory vegetation (only green plants, therefore photosynthetically active vegetation). Using a steel tape, we measured the crown dimensions of 20 randomly selected trees in each plot (annually in the afforestation plots and every 5 years in the natural recovery plots) during the middle of the growing season (between the last 10 days of June and the end of August) to determine crown area, which we used to represent the mean crown cover per tree. We measured the maximum and minimum crown radii and modeled the crown as an ellipse, with these radii representing the semimajor and semiminor axes, and calculated the mean canopy area for each species using the geometric mean values to account for extreme values. Total tree canopy cover (the proportion of the total site area accounted for by a vertical projection of the elliptical crowns of the trees, including the leaves plus the stems and branches) was calculated by multiplying the mean crown area in a given year by the number of trees that were present in that year, then dividing this total by the total area planted with that species. Where canopies overlapped, we carefully determined the extent of the overlap and calculated its area. The canopies were combined and treated as a single canopy; we then divided this area equally between the two trees to avoid double counting.
Tree canopy cover was defined as the ratio of the area covered by tree crowns to the total area of the plot. In each portion of the plot that was not covered by tree or shrub canopies or where grass was growing below the trees, we performed line-intersect sampling using two 10-meter transects at right angles to each other. We defined the shrub and grass cover as the ratio of the area covered by shrubs and grasses (here, represented by the proportion of each transect that intersected vegetation) to the total area of the plot. To describe the plant species richness in the study plots, we collected samples of all plant species annually in each plot in August. The samples were brought to Fujian Normal University for identification to the functional group level (i.e., trees versus shrubs and herbs) if we could not confirm their identity in the field.
To monitor soil erosion at each of the plots, a sedimentation pond (a runoff pond) was established at each plot (figure 1). We selected 20-meter-long by 5-meter-wide observation sections along the slopes in each test plot and constructed a stone and concrete sedimentation pond with a 15-cubic-meter capacity at the bottom of the slope. We used tipping-bucket rain gauges to determine rainfall and calculated the total water input by multiplying the amount of rainfall (mm) by the surface area of the observation section (100 square meters); we then estimated the volume of water collected by the sedimentation pond (i.e., the runoff) and expressed this volume as a proportion of the total input of water. In addition, all the soil was removed from the bottom of each pond within 24 hours after a rainfall event and weighed, and then three random samples of this soil were dried for 12 hours at 105°C and weighed to determine the water content of the sediments. This was then used to determine the total oven-dry quantity of soil eroded by the rain event. We used these data to calculate the soil erosion modulus (soil loss at per square kilometer per year caused by a rainfall event).
We also sampled the uppermost 30 cm of the soil, where the majority of the seedling and grass roots would be found, using an auger at three randomly selected locations in each plot in October to measure the soil nutrient contents. Soil organic matter content was determined by means of oxidation with potassium dichromate in a heated oil bath. Total nitrogen was measured by means of alkali distillation. The total phosphorus was measured by means of atomic absorption spectrophotometry (with a Varian spectrophotometer; Varian Inc., Palo Alto, California). The total potassium was determined by digestion with hydrofluoric acid and perchloric acid. These total weights of organic matter, N, P, and K are all for soil and not soil plus above-and belowground biomass.
The uppermost 5 cm of the soil was also sampled on these dates using the same auger at three randomly selected locations in each plot, and the samples were passed through a series of sieves to determine the content of sand and coarser materials (more than 1 mm). Soil microorganism populations were also assessed. To obtain soil-free samples for isolation of soil microbes, we obtained 20-gram soil samples from the top 5 cm of the soil at five random locations in each plot, then mixed them to produce a single composite sample. We then mixed 20 grams of each sample with 100 milliliters (mL) of distilled water, with stirring for 10 minutes, then passed the solution through a 0.01-mm sieve to remove coarse inorganic and organic matter. We then centrifuged the solution for 5 minutes at 5000 × g, resuspended the resulting microbial pellet in 5 mL of sterile distilled water, and streaked it on culture media. Bacteria were incubated on beef-cream and peptone culture medium, the fungi were incubated on Martin culture medium (1 liter of Martin culture medium to which we added 3.3 mL of 1% rose bengal stain and 3 mL of 1% streptomycin), and the actinomycetes were incubated on improved Gao 1 culture medium (with 1 mL of 3% potassium dichromate added to 300 mL of improved Gao 1 culture medium to prevent the growth of bacteria and mold). The media were then incubated in the dark at 24°C for 5 days before counting the colonies; the results were expressed as colony-forming units (cfus).
We used version 6.0 of the Eviews quantitative analysis software (www.eviews.com/home.html) to analyze the monitoring data. We used nonlinear regression to determine whether an ecological threshold existed for the effect of tree canopy cover on the soil and site parameters as a function of time. In this analysis, we used the regression equation to predict the existence of an inflection point (i.e., a maximum or minimum value in the curve). Although we have presented only the means in the graphs, the regression analysis was based on all data points used to calculate the parameters (i.e., n = 24 and 30 plots). However, presenting that many data points would have made the graphs impossible to read and would not improve their ability to illustrate the trends.
Results
In general, most ecosystem and soil properties improved with increasing tree canopy cover and with increasing time since afforestation or increasing time after sites were protected to allow natural regeneration. However, for each ecosystem property, there appears to be a slightly different point at which further increases in tree canopy cover led to stabilization or a potential decrease in that property; that is, there was an optimal value of tree canopy cover, and allowing tree canopy cover to increase beyond that value had no further beneficial effect, and sometimes had a potentially negative effect. Figure 2 shows that in the afforestation plots, the shrub and grass cover (R 2 = 0.8761, p < .001), the populations of soil actinomycetes and fungi (R 2 = 0.8432 to 0.9307, p < .001), and the content of coarse particles (more than 1 mm; R 2 = 0.9291, p < .001) increased significantly with increasing tree canopy cover and stabilized when the tree canopy cover exceeded a value as low as 48.5%. In contrast, the erosion modulus (R 2 = 0.8701, p < .001) and runoff (R 2 = 0.9496, p < .001) decreased significantly with increasing tree canopy cover and stabilized when the tree canopy cover exceeded 69.4% and 78.9%, respectively. Bacterial populations began to stabilize when tree canopy cover exceeded 85% (R 2 = 0.8817, p < .001). Figure 3 shows the changes in the measured afforestation site characteristics over time. In 2009, approximately 10 years after afforestation, the shrub and grass cover began to stabilize. The erosion modulus began stabilizing in 2010, whereas the tree canopy cover, the soil organic matter content, the total P, and the actinomycetes continued increasing throughout the study period; however, on the basis of the maxima predicted using their respective regression equations, they would begin stabilizing 20, 25, 18, and 18 years, respectively, after afforestation. The other factors showed signs of beginning to stabilize at 11 to 15 years after afforestation.
The ecosystems in the natural restoration plots also showed a nonlinear evolution but either did not begin to stabilize at any level of tree canopy cover (figure 4) or would stabilize a long time after natural restoration began (figure 5). Our regression results predicted that when the tree canopy cover exceeded 82.2%, the shrub and grass cover would begin to stabilize (R 2 = 0.9769, p < .001), whereas the erosion modulus (R 2 = 0.8046, p < .001) and runoff (R 2 = 0.8955, p < .001) would begin to stabilize when tree canopy cover exceeded 56.3% and 89.8%, respectively.
These changes began much later than they did in the afforestation plots (figure 5). For example, the shrub and grass cover and the total vegetation cover would begin to stabilize an estimated 31 and 30 years, respectively, after natural restoration began. For the number of plant species and the erosion modulus, it would take an estimated 50 and 65 years, respectively, before stabilization occurred (or in some cases, before degradation began). These data suggest that the ecosystem produced by natural restoration would be more stable than that produced by afforestation. However, it's important to note that these predicted changes rely on regressions that are extrapolated far beyond the conditions g per kg) g per kg)
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cfu per g) t per km 2 ) Figure 2 . Detection of optimal tree canopy cover in the 24 afforestation plots from 1999 to 2014. Regression was used to determine the relationship between tree canopy cover and the following ecosystem parameters: total vegetation cover, shrub and grass cover, number of plant species, soil organic matter, total K (TK), total N (TN), total P (TP), erosion modulus, runoff, coarse particles content (more than 1 millimeter), and populations of soil microorganisms (bacteria, fungi, and actinomycetes). Abbreviations: cfu, colony-forming units; g, grams per kilogram; kg, kilograms; km 2 , square kilometers; mm, millimeters; t, tons.
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cfu per g) t per km 2 ) Figure 3 . Changes in the values of the key ecological parameters in the 24 afforestation plots over time. The plots were established in 1999. Regression was used to determine the relationship between tree canopy cover and the following ecosystem parameters: total vegetation cover, shrub and grass cover, number of plant species, soil organic matter, total K (TK), total N (TN), total P (TP), erosion modulus, runoff, coarse particles content (more than 1 millimeter), and populations of soil microorganisms (bacteria, fungi, and actinomycetes). Abbreviations: cfu, colony-forming units; g, grams per kilogram; kg, kilograms; km 2 , square kilometers; mm, millimeters; t, tons.
(g per kg) (g per kg) (10 g per kg) (10 g per kg) t per km 2 ) cfu per g) Figure 4 . Detection of optimal tree canopy cover in the 30 natural restoration plots from 1984 to 2014. Regression was used to determine the relationship between tree canopy cover and the following ecosystem parameters: total vegetation cover, shrub and grass cover, number of plant species, soil organic matter, total K (TK), total N (TN), total P (TP), erosion modulus, runoff, coarse particles content (more than 1 millimeter), and populations of soil microorganisms (bacteria, fungi, and actinomycetes). Abbreviations: cfu, colony-forming units; g, grams per kilogram; kg, kilograms; km 2 , square kilometers; mm, millimeters; t, tons.
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cfu per g) t per km 2 ) Figure 5 . Changes in the values of the key ecological parameters in the 34 natural restoration plots over time. The plots were established in 1984. Regression was used to determine the relationship between tree canopy cover and the following ecosystem parameters: total vegetation cover, shrub and grass cover, number of plant species, soil organic matter, total K (TK), total N (TN), total P (TP), erosion modulus, runoff (%), coarse particles content (more than 1 millimeter; %), and populations of soil microorganisms (bacteria, fungi, and actinomycetes). Abbreviations: cfu, colony-forming units; g, grams per kilogram; kg, kilograms; km 2 , square kilometers; mm, millimeters; t, tons.
observed in the field data and should not be accepted uncritically. For example, it is likely that the ecosystem will reach an equilibrium state (e.g., a climax community) after these turning points are reached.
Conclusions
Our study suggests the possibility that at some critical level of tree canopy cover, a threshold may exist that leads to stability. This threshold, which we predicted by means of regression analysis, is not guaranteed to occur (because the regressions extend beyond the period covered by field data) but may be detected if the study plots are monitored far enough into the future. Nonetheless, the observed and predicted stability in the afforestation plots may result from feedback among ecosystem processes that could eventually reach such thresholds. For example, soil microbes play a crucial role in ecosystem health by decomposing organic matter, including leaves and dead wood, to release nutrients that fertilize the soil and supply plants with water and nutrients (Torsvik and Øvreås 2002, Zak et al. 2003) . Therefore, stability in the microbial community's biomass will lead to no further improvement of soil fertility, which may lead the vegetation cover to stop increasing, which in turn will stabilize the inputs of organic matter that the microbial community requires to survive. Similar relationships can also occur at higher trophic levels. For example, as the vegetation cover increases, the plants provide better protection for the soil, and this can decrease erosion. However, as the vegetation cover increases, inherent characteristics of the trees can exacerbate site problems: For example, because they tend to grow in full sunlight, trees experience high evaporative demand (Wen 2002) , causing them to take up more soil water and decreasing soil-water availability, and would intercept much of the rain, thereby decreasing groundwater recharge (Brown et al. 2005 , Dietz et al. 2006 . Increasingly dense tree canopies also shade the understory vegetation, eventually reaching a point that is incompatible with the survival and diversity of shade-intolerant understory species (Veldman et al. 2015b) ; this may result in a change in understory vegetation cover or in succession toward a community of shade-tolerant species. The change can also affect habitat quality for animals that are adapted to open environments (e.g., Araujo and AlmeidaSantos 2011) . Early in the afforestation process, the planting of pioneer species and strong efforts to improve the soil (i.e., the large organic fertilizer application in the present study) result in strong tree growth. However, the intervention also creates a strong ecological disturbance and increased competition among organisms and would gradually lead to the self-thinning of the trees (Westoby 1984) . There is also scope for exploring how to introduce shade-tolerant understory species to replace the grasses and other light-demanding vegetation that is shaded out by the trees.
Different tree species have different canopy characteristics and consequently have different effects on vegetation cover and shading of the understory; therefore, to achieve a given level of tree canopy cover, different planting densities will be required. Because competition from the planted trees affected the shrub and grass cover and had other adverse effects once tree canopy cover reached a certain level (as low as 48.5% for several ecological attributes), it may be necessary to control tree canopy cover (e.g., by thinning or pruning) to reduce the intensity of the competition. The threshold canopy cover values identified in the present study may therefore provide management guidelines for the stage at which local residents can once again begin harvesting trees or branches, although the rate must be designed to maintain this optimal canopy cover or reduce an excessively dense canopy to this level. This will make it easier for these different vegetation types to coexist. Our results also suggest that protecting sites to allow natural restoration (particularly at sites where the degradation level is sufficiently low that natural recovery is possible) may be a better alternative at some sites, because several of the regressions of the ecological parameters at the afforestation sites produced equations that suggested the possibility of a future decrease in some ecosystem parameters. This possibility should be monitored carefully in the long term, because our previous research has demonstrated the possibility of adverse long-term effects associated with afforestation . The increase over time that we observed in the number of species is a particularly interesting issue. What types of species were they, and where did they come from? How many were trees? How many were shade-tolerant shrubs able to provide ground cover? These issues should be examined more closely in future research.
Ecosystem succession is a gradual process, and significant time lags may exist between a human intervention and the appearance of ecological and socioeconomic consequences (Liu et al. 2007 ). Our results suggest a time lag of more than 10 years before the negative consequences of afforestation became apparent (figure 3). Because our study sites were in a subtropical humid area, the time lag is likely to differ from that at sites in different climatic zones or with different ecological constraints on plant growth. For example, the time lag may be longer at sites with lower temperatures and less precipitation, because these factors would slow plant growth and other ecosystem processes. The important point is that the time lag we observed is much longer than the duration of most previous studies, which Zheng and Wang (2014) reported to be 3 to 5 years in most cases. This suggests that the duration of ecological restoration studies should be increased to increase the likelihood that the research will detect long-term changes rather than identifying only shortterm effects that do not predict the ecosystem's long-term fate.
The current context of climate change increases the risk to ecosystems and the challenges associated with environmental, social, or economic change, both because the changes may differ in magnitude and direction from the changes that have been previously studied and because the changes and their timing will be difficult to predict. For example, increased air temperatures and changing precipitation regimes will also include changes in snowfall and in the timing, amount, and interannual variability of rainfall (Keenan 2015) . Forests have been proposed as a way to combat climate change because of their ability to sequester large amounts of carbon (Keenan 2012) , but their responses to climate change may not be as predictable as researchers have previously assumed on the basis of short-term studies. In addition, the increased evapotranspiration that results from the growth of trees would consume a large amount of water and have potentially dangerous regional effects on water availability (Cao and Zhang 2015) , particularly if the frequency and magnitude of extreme weather events increase (Peters et al. 2008) . A final consequence relates to use of the land by local residents. Any ecological restoration effort can interfere with use of the land by these people (e.g., by prohibiting grazing or the harvesting of fuelwood), so to encourage them to support the restoration, it is necessary to provide economic or other incentives. This has been shown to be effective because it creates a win-win situation (Cao et al. 2009 ). As we noted earlier, the possibility of an optimal canopy cover suggests that local people can be employed to maintain canopy cover at that level through sustainable forestry activities (e.g., thinning and pruning).
To account for these complex effects, it will be necessary to adopt an interdisciplinary approach that unites ecologists, economists, and sociologists to examine current institutions and persuade governments to adopt new ones, if necessary (Liu et al. 2007 ). The time lag revealed by the present results suggests that this will require longer-term socioeconomic and ecological research and cautious development of ecological restoration policies to ensure that they will benefit both nature and humans while also exhibiting resilience in the face of climate change (Armitage et al. 2009 ). In addition, the research results from one region cannot be blindly adopted in regions with significant differences from the study region in their species assembly, terrain, climate, and socioeconomic context (Gao et al. 2014) . Ecosystem succession will follow different trajectories in different regions and will reveal different ecological thresholds, so it will be important to perform region-specific research, at a variety of scales, to identify potential ecological thresholds and develop restoration policies that account for the key constraints imposed by local conditions.
